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[TITLE OF THE INVENTION] 

HEAT TREATMENT APPARATUS 
[Abstract] 
[Object] 

An object of the present invention is to provide a 
heat treatment apparatus which can prevent a substrate 
supporting member from being drawn out of a substrate 
mounting table, so as to shorten a cycle time and enhance 
throughput . 
[Construction] 

A dropout protector 18 is incorporated in a substrate 
mounting table 4 along a hole 10 formed in the substrate 
mounting table 4. When heat treatment is performed in the 
state in which a proximity pin (i.e., a substrate 
supporting member) 12 is fitted into the hole 10, the 
dropout protector 18 is thermally expanded as temperature 
is increased, so that a part of the dropout protector 18 is 
brought into contact with the proximity pin 12 in such a 
manner as to tighten a part (i.e., a shank 16) of the 
proximity pin 12, thereby restricting the movement of the 
proximity pin 12. Thus, it is possible to prevent the 
proximity pin 12 from being drawn out of the hole 10. 



[SCOPE OF CLAIM FOR A PATENT] 
[Claim 1] 
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A heat treatment apparatus comprising: 
a heating source; 

a substrate mounting table which is placed on the 
said heating source and has a plurality of holes on the 
upper side thereof; 

a substrate supporting member which is detachably 
fitted to e.ach of the holes formed in the said substrate 
mounting table, and projects at the head thereof from the 
upper surface of the said substrate mounting table in the 
state fitted to the said hole, so as to support a substrate 
to be thermally treated at an upper position apart by a 
predetermined interval from the said substrate mounting 
table; and 

a dropout protector which is incorporated in the said 
substrate mounting table along at least a part of each of 
the holes, and is deformed as temperature is increased, so 
that a part thereof is brought into contact with the said 
substrate supporting member fitted to the said hole, so as 
to restrict the movement of the said substrate supporting 
member . 
[Claim 2] 

The heat treatment apparatus as claimed in Claim 1, 
wherein the said dropout protector is made of a material 
having a thermal expansion coefficient greater than that of 
a material constituting the said substrate mounting table. 



[Claim 3] 

The heat treatment apparatus as claimed in Claim 1, 
wherein the said dropout protector is made of a shape- 
memory material, and is finished into a shape which' is 
brought into contact with the said substrate supporting 
member in a heated state. 
[Claim 4] 

The heat treatment apparatus as claimed in Claim 1, 
wherein the said substrate supporting member includes a 
shank which extends downward from the said head thereof and 
is finished into such a shape as to be freely fitted to the 
said hole, whereby the said dropout protector is deformed 
as the temperature is increased, to thus tighten the said 
shank, 

[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[Field of Industrial Utilization] 

The present invention relates to a heat treatment 
apparatus for heating a substrate such as a square glass 
substrate for a liquid crystal display or a semiconductor 
wafer (hereinafter simply referred to as "a substrate") . 
[0002] 
[Prior Art] 

Heat treatment has been conventionally performed by 
the use of heat treatment apparatuses of this type in order 



to harden a resist film or dry a cleaned substrate after 
the resist film is applied onto a substrate using a 
photolithography process of liquid crystal fabricating 
processes . 
[0003] 

There has been known, for example, an adsorption 
system as an apparatus (i.e., the heat treatment apparatus) 
for subjecting the substrate to the heat treatment in the 
above-described manner. For example, there has been an 
apparatus for drying a coating film ( for example, a resist 
film) applied onto the substrate, thereby forming a thin 
film having a uniform film thickness. Such a heat 
treatment apparatus includes a heat generating flat heater 
functioning as a heating source and a substrate mounting 
table placed on the heat generating flat heater. The 
substrate to be subjected to the heat treatment is mounted 
on the substrate mounting table, and then, is exposed to 
the heat generated by the heat generating flat heater and 
consequently, the coating film is dried. Each of the heat 
generating flat heater and the substrate mounting table has 
a plurality of adsorption holes, through which the 
substrate mounted on the substrate mounting table is 
attracted at the reverse thereof. Thus, the substrate can 
be held on the substrate mounting table in a close contact 
manner . 



[0004] 

However, since the substrate is mounted directly on 
the substrate mounting table in the above-described heat 
treatment apparatus of the adsorption system, there have 
arisen problems that the resist film bears marks of the 
adsorption holes or a peeling electrification occurs when 
the substrate is carried out of the substrate mounting 
table after the heat treatment. 
[0005] 

In view of this, a heat treatment apparatus of a 
proximity system has been proposed in order to solve the 
above-described problems experienced in the prior art. 
[0006] 

Fig. 11 is a partly cross-sectional view showing a 
heat treatment apparatus of a proximity system in the prior 
art. As shown in Fig. 11, in this heat treatment apparatus, 
a metallic substrate mounting table 4 is placed at the 
upper surface of a heat generating flat heater 2 while a 
heater retaining plate 6 is disposed at the lower surface 
thereof. A plurality of holes 10 are formed at the upper 
surface 8 of the substrate mounting table 4. Into each of 
the holes 10 is detachably fitted a proximity pin 12 
functioning as a substrate supporting member for supporting 
a substrate W. Here, the proximity pin 12 has been 
conventionally made of stainless steel, a resin or the like 



from the viewpoint of low heat conductivity or workability. 
[0007] 

In this manner, when the proximity pin 12 is fitted 
into the hole 10, the head 14 of the proximity pin 12 
projects upward of the upper surface 8 of the substrate 
mounting table 4, as shown in Fig. 11. And then, the 
substrate W is mounted on the heads 14, so that the 
substrate W is positioned above by a predetermined interval 
(for example, 1 mm) on the substrate mounting table 4. 
When the heat generating flat heater 2 is energized in this 
state, it generates heat, which is applied to the substrate 
W via the substrate mounting table 4 and an air layer 
formed between the substrate mounting table 4 and the 
substrate W, so that the substrate W is indirectly heated. 
[0008] 

[Problems to be Solved by the Invention] 

Incidentally, the inner diameter of the hole 10 is 
greater than the outer diameter of a shank 16 of the 
proximity pin 12 with a clearance formed between the inner 
circumferential surface of the hole 10 and the proximity 
pin 12 in such a manner that the proximity pin 12 can be 
detachably fitted with ease in the conventional heat 
treatment apparatus. The reason why the proximity pin 12 
can be detachably fitted with ease is that the heat 
treatment apparatus need be changed from the proximity 
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system to the adsorption system, and vice versa, as 
required, or the arrangement of the proximity pin 12 need 
be changed according to the size of the substrate to be 
treated or the contents of treatment. 
[0009] 

However, since the substrate W carried after a 
preceding process may be electrically charged, there may 
arise the following problem. That is to say, when the 
electrically charged substrate W is mounted on the 
proximity pins 12, the substrate W is electrostatically 
adsorbed to the proximity pins 12, and therefore, the 
proximity pin 12 may be accidentally drawn out of the hole 
10 in the case where the thermally treated substrate W is 
carried out in a next process after the heat treatment. In 
this case, the carriage of the substrate W must be stopped, 
and therefore, the heat treatment apparatus need be stopped. 
In the same manner, since the thermally treated substrate W 
to be treated cannot be carried in the next process, the 
treatment must be stopped. As a consequence, a cycle time 
required for the heat treatment is extended, and further, 
throughput is reduced. 
[0010] 

The present invention has been accomplished to solve 
the above-described problems. An object of the present 
invention is to provide a heat treatment apparatus which 



can prevent a substrate supporting member (i.e., a 
proximity pin) from being drawn out of a substrate mounting 
table, so as to shorten a cycle time and enhance throughput. 
[0011] 

[Means for solving the problems] 

In order to achieve the above-described object, 
according to the invention as claimed in Claim 1, a heat 
treatment apparatus comprises: a heating source; a 
substrate mounting table which is placed on the heating 
source and has a plurality of holes on the upper side 
thereof; a substrate supporting member which is detachably 
fitted to each of the holes formed in the substrate 
mounting table, and projects at the head thereof from the 
upper surface of the substrate mounting table in the state 
fitted to the hole, so as to support a substrate to be 
thermally treated at an upper position apart by a 
predetermined interval from the substrate mounting table; 
and a dropout protector which is incorporated in the 
substrate mounting table along at least a part of each of 
the holes, and is deformed as temperature is increased, so 
that a part thereof is brought into contact with the 
substrate supporting member fitted to the hole, so as to 
restrict the movement of the substrate supporting member. 
[0012] 

According to the invention as claimed in Claim 2, the 
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dropout protector is made of a material having a thermal 
expansion coefficient greater than that of a material 
constituting the substrate mounting table. 
[0013] 

According to the invention as claimed in Claim 3, the 
dropout protector is made of a shape-memory material, and 
is finished into a shape which is brought into contact with 
the substrate supporting member in a heated state. 
[0014] 

According to the invention as claimed in Claim 4, the 
dropout protector is deformed as the temperature is 
increased, to thus tighten a shank which extends downward 
from the head and is finished into such a shape as to be 
freely fitted to the hole. 
[0015] 
[Operation] 

According to the present invention, the dropout 
protector is incorporated in the substrate mounting table 
along at least a part of the hole formed in the substrate 
mounting table. When the heat treatment is performed in 
the state in which the substrate supporting member is 
fitted to the hole, the dropout protector is deformed as 
the temperature is increased, so that a part of the dropout 
protector is brought into contact with the substrate 
supporting member, thereby restricting the movement of the 



substrate supporting member. Thus, it is possible to 
prevent the substrate supporting member from being drawn 
out of the hole. 
[0016] 

[Embodiments ] 

Fig. 1 is a partly cross-sectional view showing a 
heat treatment apparatus in a first preferred embodiment 
according to the present invention. A major difference of 
the heat treatment apparatus according to the present 
invention from that in the prior art (Fig. 11) is in that 
an incorporating space is formed in a substrate mounting 
table 4 along a part (on a lower side) of a hole 10, and a 
dropout protector 18 is press-fitted into the incorporating 
space, as shown in Fig. 1. A proximity pin 12 is 
detachably fitted into the hole 10 at room temperature for 
the purpose of the change to an adsorption system, as 
described above. In other words, clearances 20 and 22, 
which are substantially the same as each other, are formed 
between a shank 16 of the proximity pin 12 and the inner 
circumferential surface of the hole 10 and between the 
shank 16 of the proximity pin 12 and the dropout protector 
18, respectively, in the state in which the proximity pin 
12 is fitted into the hole 10. 
[0017] 

Furthermore, the dropout protector 18 is made of a 



material having a thermal expansion coefficient greater 
than that of a material constituting the substrate mounting 
table 4. For example, in the case where the substrate 
mounting table 4 is made of aluminum, the dropout protector 
18 is made of a heat resistant resin. In addition to the 
above-described combination, in the case where the 
substrate mounting table 4 is made of a copper based 
material or a steel material, the dropout protector 18 is 
made of aluminum. 
[0018] 

Since the substrate mounting table 4 and the dropout 
protector 18 are made of materials different in thermal 
expansion coefficient from each other in the present 
embodiment, the dropout protector 18, in particular, is 
largely expanded as the temperature is increased by heating 
a substrate W, thereby filling up the clearance 22, so that 
the dropout protector 18 is brought into contact with the 
shank 16 in such a manner as to tighten the proximity pin 
12. In this way, a part of the proximity pin 12 is 
tightened by the dropout protector 18, thereby restricting 
the movement of the proximity pin 12. Consequently, it is 
possible to effectively prevent the proximity pin 12 from 
being drawn but of the hole 10 owing to the restriction 
even if the electrostatically charged substrate W is 
mounted on the head 14 of the proximity pin 12, and further, 



the substrate W is carried out after heat treatment. As a 
result, it is possible to prevent any occurrence of the 
above-described inconvenience, so as to continuously 
perform the heat treatment, so as to shorten a cycle time 
and enhance the throughput . 
[0019] 

In contrast, when the temperature is decreased down 
to as low as room temperature, the dropout protector 18 is 
contracted, and then, the state shown in Fig. 2 (that is, 
the state in which the proximity pin 12 is tightened by the 
dropout protector 18) is returned to the original state 

(Fig. 1), and consequently, the proximity pin 12 can be 
detachably fitted. 

[0020] 

Fig. 3 is a partly cross-sectional view showing a 
heat treatment apparatus in a second preferred embodiment 
according to the present invention. In the present 
embodiment, a dropout protector 18 made of a shape memory 
material such as a shape memory alloy or a shape memory 
resin is contained in an incorporating space 24 formed in a 
substrate mounting table 4. As has been conventionally 
known, the shape memory material has the property that its 
shape can be reversibly varied depending upon a change in 
temperature. Therefore, the same effect as that in the 
above-described embodiment can be produced by adjusting the 



shapes of the dropout protector 18 at room temperature and 
a high temperature (about the temperature of heat 
treatment) , respectively. 
[0021] 

For example, if the dropout protector 18 is finished 
into a shape such that a clearance 22 is formed between the 
dropout protector 18 and a proximity pin 12 fitted into a 
hole 10 at the room temperature, as shown in Fig. 3, the 
proximity pin 12 can be detachably fitted into the hole 10. 
In contrast, the dropout protector 18 can restrict the 
movement of the proximity pin 12 by adjusting to bring a 
part of the dropout protector 18 into contact with the 
shank 16 of the proximity pin 12 in such a manner as to 
tighten the proximity pin 12 at a high temperature, as 
shown in Fig. 4. Thus, it is possible to effectively 
prevent the proximity pin 12 from being drawn out of the 
hole 10. 
[0022] 

Fig. 5 is a partly cross-sectional view showing a 
heat treatment apparatus in a third preferred embodiment 
according to the present invention. In the present 
embodiment, a part of a dropout protector 18 made of metal 
or a resin is brought into contact with a proximity pin 12 

in a tightly fitted * state also at room temperature, so 
that no clearance 22 can be formed between the proximity 



pin 12 and the dropout protector 18. Naturally, the 
dropout protector 18 is thermally expanded owing to an 
increase in temperature during heat treatment, and 
therefore, the proximity pin 12 is tightened by stronger 
force, to be thus prevented from being drawn out of a hole. 
[0023] 

Incidentally, in the present embodiment, a recess 26 
is formed at a part of the dropout protector 18, so that 
the lower end 16a of the proximity pin 12 fitted into a 
hole 10 projects downward from the recess 26. Consequently, 
although the proximity pin 12 is w tightly fitted * at room 
temperature, the proximity pin 12 can be readily pushed out 
of the hole 10 by pushing upward (in a direction P 
indicated by an arrow in Fig. 5) the lower end 16a of the 
proximity pin 12 projecting from the reverse surface (a 
lower portion in Fig. 5) of a substrate mounting table 4. 
[0024] 

Fig. 6 is a partly cross-sectional view showing a 
heat treatment apparatus in a fourth preferred embodiment 
according to the present invention. The configuration of 
the fourth preferred embodiment is the same as that of the 
first preferred embodiment (Fig. 1) except that a portion 
of a dropout protector 18 in contact with a proximity pin 
12 is tapered. 
[0025] 



As in the present embodiment, if a tapered portion 
18a is formed in the dropout protector 18, the area in 
contact with the proximity pin 12 becomes smaller than that 
in the first embodiment in the case where the dropout 
protector 18 is thermally expanded as the temperature is 
increased. Therefore, the dropout protector 18 need be 
machined in such a manner that the surface accuracy becomes 
more than a predetermined value in the case where the 
proximity pin 12 is tightened at the entire surface in the 
first embodiment: in contrast, the dropout protector 18 
can be readily machined, and further, the tightening 
accuracy can be enhanced in the fourth embodiment. 
[0026] 

Fig. 7 is a partly cross-sectional view showing a 
heat treatment apparatus in a fifth preferred embodiment 
according to the present invention. The basic 
configuration of the present embodiment is substantially 
the same as that of the second embodiment (Fig. 3) except 
for the configuration of a dropout protector 18. That is 
to say, the dropout protector 18 made of bimetal formed by 
sticking two materials 28 and 30 different in thermal 
expansion coefficient is contained in an incorporating 
space 24 disposed in a substrate mounting table 4. As has 
been conventionally known, the bimetal has the property 
that the shape is reversibly varied according to a change 



in temperature. The utilization of this property can 
effectively prevent a proximity pin 12 from being drawn out 
of the hole 10, like in the above-described preferred 
embodiment . 
[0027] 

In other words, a clearance 22 is formed between the 
dropout protector 18 and the proximity pin 12 fitted into 
the hole 10 at, for example, room temperature, as shown in 
Fig. 7, so that the proximity pin 12 can be detachably 
fitted into the hole 10. In contrast, the dropout 
protector 18 can restrict the movement of the proximity pin 
12 by adjusting to bring a part of the dropout protector 18 
into contact with the shank 16 of the proximity pin 12 in 
such a manner as to tighten the proximity pin 12 at a high 
temperature, as shown in Fig. 8. Thus, it is possible to 
effectively prevent the proximity pin 12 from being drawn 
out of the hole 10. 
[0028] 

Incidentally, although one dropout protector 18 is 
fitted into each of the holes 10, and further, the 
proximity pin 12 is prevented from being drawn out of the 
hole 10 in the above-described embodiments, one dropout 
protector 18 may be fitted with respect to a plurality of 
holes 10, for example, three holes 10, as shown in Fig. 9. 
Moreover, the dropout protector 18 may be divided into a 



plurality of sections, for example/ two sections 32 and 32, 

as shown in Fig . 10 . 

[0029] 

[Effects of the Invention] 

As described above, according to the present 
invention, the dropout protector, which is deformed as the 
temperature is increased, is incorporated in the substrate 
mounting table along at least a part of the hole formed in 
the substrate mounting table; the dropout protector is 
deformed as the temperature is increased; and then, a part 
of the dropout protector is brought into contact with the 
substrate supporting member fitted into the hole, thereby 
restricting the movement of the substrate supporting member 
Thus, it is possible to effectively prevent the substrate 
supporting member from being drawn out of the hole, and 
consequently, to shorten the cycle time of the heat 
treatment apparatus and enhance the throughput. 
[BRIEF DESCRIPTION OF THE DRAWINGS] 
[Fig. 1] 

Fig. 1 is a partly cross-sectional view showing a 
heat treatment apparatus in a first preferred embodiment 
according to the present invention. 
[Fig. 2] 

Fig. 2 is a partly cross-sectional view showing the 
heat treatment apparatus in the first preferred embodiment 



according to the present invention. 
[Fig. 3] 

Fig. 3 is a partly cross-sectional view showing a 
heat treatment apparatus in a second preferred embodiment 
according to the present invention. 
[Fig. 4] 

Fig. 4 is a partly cross-sectional view showing the 
heat treatment apparatus in the second preferred embodiment 
according to the present invention. 
[Fig. 5] 

Fig. 5 is a partly cross-sectional view showing a 
heat treatment apparatus in a third preferred embodiment 
according to the present invention. 
[Fig. 6] 

Fig. 6 is a partly cross-sectional view showing a 
heat treatment apparatus in a fourth preferred embodiment 
according to the present invention. 
[Fig. 7] 

Fig. 7 is a partly cross-sectional view showing a 
heat treatment apparatus in a fifth preferred embodiment 
according to the present invention. 
[Fig. 8] 

Fig. 8 is a partly cross-sectional view showing the 
heat treatment apparatus in the fifth preferred embodiment 
according to the present invention. 
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[Fig. 9] 

Fig. 9 is a partly cross-sectional view showing a 
heat treatment apparatus in another preferred embodiment 
according to the present invention. 
[Fig. 10] 

Fig. 10 is a partly cross-sectional view showing a 
heat treatment apparatus in another preferred embodiment 
according to the present invention. 
[Fig. 11] 

Fig. 11 is a partly cross-sectional view showing a 
heat treatment apparatus in the prior art. 
[EXPLANATION of REFERENCES] 

2 heat generating flat heater (heating source) 

4 substrate mounting table 

12 proximity pin (substrate supporting member) 
18 dropout protector 
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